phagocytic activity in these cells (Daniel and Flandrin, 1974) . Similarly, both cytochemical (Mitus et al, 1961; Trubowitz et al, 1971 ; Yam, Li, and Finkel, 1972; Catovsky, Pettit, Galetto, Okos, and Galton, 1974b) and fine structural (Rubin, Douglas, Chessin, Glade, and Dameshek, 1969; Padilla and Soloff, 1971; Trubowitz et al, 1971; Ghadially and Skinnider, 1972; Katayama, Li, and Yam, 1972; Catovsky et at, 1974a, Daniel and Flandrin, 1974) studies have failed to define unequivocally the origin of the hairy cell, although Yam, Li, and Lam (1971) have demonstrated a specific tartrate-resistant acid phosphatase in the hairy cell, and a distinctive tubular inclusion has been demonstrated at the ultrastructural level (Katayama et al, 1972; Daniel and Flandrin, 1974; Catovsky et al, 1974a) . Recently, Catovsky et al (1974b) and Haak, de Man, Hijmans, Knapp, and Speck (1974) have demonstrated immunoglobulin (Ig) on the surface of hairy cells, and, on the basis of these and other data, concluded that they are B cells. In the present paper we confirm and extend these findings with additional morphological and immunological data relating to a further four cases of leukaemic reticuloendotheliosis.
Patients and Methods

PATIENTS
Four patients were studied. The diagnosis was based on the findings of distinctive hairy cells in stained and phase-contrast preparations of peripheral blood and/or bone marrow.
CELL PREPARATION
Peripheral blood and bone marrow were prepared by centrifugation over Ficoll-Triosil as previously described (Thorsby and Bratlie, 1970; Smith and Haegert, 1974) . The cells were washed thrice with Hanks balanced saline solution (HBSS) buffered with N-2-hydroxyethyl-piperazine Nl-2-ethanesulfuric acid (Hepes) and containing 0-2% bovine serum albumin before final suspension in Hepes buffered Eagle's medium (MEM) containing 0-2% BSA. For cell culture, the cells were resuspended in bicarbonate-buffered MEM containing 10% heatinactivated calf serum.
PHA CULTURES
Cell preparations were cultured with and without PHA, at concentrations known to give maximal stimulation of normal lymphocytes (Smith, Cowling, and Barker, 1972) after 72 hours' incubation. Transformation was assessed both by simple morphological examination and by light microscope autoradiography (2-4 ,uc H3 thymidine was included after 48 hours' culture). The nature of the transformed cells was determined by performing sheep erythrocyte rosette and mixed antiglobulin rosette reactions (Smith and Haegert, 1974) .
CYTOLOGICAL, CYTOCHEMICAL, AND PHAGO-CYTIC STUDIES
Leucocyte preparations were examined by phase and interference light microscopy. Cytochemical staining for Sudan black, peroxidase, PAS, and acid and alkaline phosphatases was performed by routine methods (Hayhoe and Flemans, 1969) .
Peripheral blood leucocytes from two cases were incubated with latex particles 1 1 , in diameter for either 30 min or 60 min at 37°C, and then examined for evidence of phagocytosis.
ELECTRON MICROSCOPY
Separated peripheral blood and bone marrow leucocytes were fixed for one hour at room temperature in 3 % glutaraldehyde in 0 1 M cacodylate HC1 and subsequently processed in a routine fashion (Cawley and Hayhoe, 1973) .
ROSETTE TESTS
To detect lymphocytes with affinity for nonsensitized sheep erythrocytes, a sheep erythrocyte rosetting reaction was used. Fc receptors, C3 receptors, and Ig determinants were detected by the Fc, C3, and mixed antiglobulin rosetting reactions respectively. All these rosetting reactions were performed by methods previously described (Haegert, Hallberg, and Coombs, 1974) .
For scoring purposes, cytocentrifuge preparations of the rosette tests were made by diluting the test suspensions to a total of 106 cells (including erythrocytes) per ml with Hepes-MEM. Of this preparation, 0-2 ml was loaded into each cytocentrifuge well with siliconized Pasteur pipettes and centrifuged at 200 g for five minutes. The slide preparations were then stained with Leishman's stain. IMMUNOFLUORESCENT STAINING Membrane fluorescence was performed on viable lymphocytes by the direct method on three of the four cases using fluorescein-labelled rabbit and sheep antisera to specific heavy and light chains. (These were kindly provided by Professor G. T. Stevenson of the Tenovus Research Laboratory, Southampton.) Control preparations using normal rabbit or sheep serum were included in all experiments.
Results
PATIENTS
Since they are now well documented (Bouroncle et al, 1958; Flandrin et al, 1973; Catovsky et al, 1974a) , clinical features of our cases will not be presented.
CYTOLOGICAL, CYTOCHEMICAL, AND PHAGOCYTIC STUDIES
The abnormal mononuclear cells could be recognized both in suspension and in smear preparations by the presence ofcharacteristic hair-like protrusions at the cell surface.
The hairy cells measured approximately 12 IL in diameter and possessed moderately basophilic cytoplasm resembling that of the typical small lymphocyte, and the nuclear chromatin was not as heavily condensed as that of the typical lymphocyte.
Cytochemically, the hairy cells were found to possess a fine stippled PAS positivity and scattered granules of acid phosphatase activity, but were uniformly negative in peroxidase, Sudan black, and alkaline phosphatase preparations. In both the cases studied hairy cells could be shown to phagocytose latex particles.
ELECTRON MICROSCOPY
The presence of distinctive cytoplasmic protrusions at the cell surface allowed the identification of the pathological cells, and their typical ultrastructure is illustrated in figures 1-3. Figure 2 illustrates the distinctive cytoplasmic inclusions seen in many of the hairy cells of two of the four cases examined. In the other two cases no such inclusions were seen. These inclusions are composed of parallel longitudinal fibrils between which ribosome-like particles are located. The inclusions are not infrequently partially surrounded by a single strand of rough endoplasmic reticulum. Occasionally, a mitochondrion or a strand of (Smith and Haegert, 1974 
Discussion
Morphological and cytochemical studies of the hairy cells allowed no definite conclusions about their nature. Thus, their lack of positivity in the Sudan black and peroxidase reactions resembled that of lymphocytes, but their PAS and acid phosphatase reactivity was more typical of monocytes (Hayhoe and Flemans, 1969) . However, the recent finding of intracytoplasmic inclusions in some cases of leukaemic reticuloendotheliosis (Katayama et al, 1972; Daniel and Flandrin, 1974; Catovsky et al, 1974a )-a finding we have confirmed in this studysuggests a relationship to chronic lymphocytic leukaemia in which similar inclusions may be observed (Zucker-Franklin, 1963; Anday, Goodman, and Tishkoff, 1974; Cawley, Emmines, Goldstone, Hamblin, Hough, and Smith, 1974) . The response in vitro to PHA of leucocyte preparations from patients with leukaemic reticuloendotheliosis has been examined by several workers (Trubowitz et al., 1971; Yam et al, 1968 , Catovsky et al, 1974b and in most cases a poor response has been obtained. Our studies confirm this low rate of transformation. Furthermore, the surface marker studies showed that most of the transformed cells were of T-cell type. This suggests that the transformed cells were derived from the patient's normal T lymphocytes. These results indicate that the hairy cell response to PHA is analogous to that of the neoplastic cells in chronic lymphatic leukaemia (Smith and Haegert, 1974) .
It is now well recognized that B lymphocytes express surface Ig determinants (Pernis, Ferrarini, Forni, and Amante, 1971) and have receptors for bound C3 (Bianco, Patrick, and Nussenzweig, 1970) and for the Fc portion of fixed IgG (Hallberg, Gurner, and Coombs, 1973) . T lymphocytes, in contrast, have an affinity for non-sensitized sheep red blood cells (Lay, Mendes, Bianco, and Nussenzweig, 1971 
